The pharmacokinetics and metabolism of 14C/13C-labeled ortho-phenylphenol formation following dermal application to human volunteers.
1. The pharmacokinetics and metabolism of uniformly labeled 14C/13C-ortho-phenylphenol (OPP) were followed in six human male volunteers given a single 8 h dermal dose of 6 microg OPP/kg body weight formulated as a 0.4% (w/v) solution in isopropyl alcohol. The application site was covered with a non-occlusive dome allowing free movement of air, but preventing the loss of radioactivity due to physical contact. At 8 h post-exposure the non-occlusive dome was removed, the dose site was wiped with isopropyl alcohol containing swabs and the skin surface repeatedly stripped with tape. Blood specimens, urine, and feces were collected from each volunteer over a 5 day post-exposure period and were analyzed for radioactivity and metabolites (urine only). 2. Following dermal application, peak plasma levels of radioactivity were obtained within 4 h post-exposure and rapidly declined with virtually all of the absorbed dose rapidly excreted into the urine within 24 h post-exposure. A one-compartment pharmacokinetic model was used to describe the time-course of OPP absorption and clearance in male human volunteers. Approximately 43% of the dermally applied dose was absorbed through the skin with an average absorption half-life of 10 h. Once absorbed the renal clearance of OPP was rapid with an average half-life of 0.8 h. The rate limiting step for renal clearance was the relatively slower rate of dermal absorption; therefore the pharmacokinetics of OPP in humans was described by a 'flip-flop' single compartment model. Overall, the pharmacokinetics were similar between individuals, and the model parameters were in excellent agreement with the experimental data. 3. Approximately 73% of the total urinary radioactivity was accounted for as free OPP, OPP-sulfate and OPP-glucuronide conjugates. The sulfate conjugate was the major metabolite (approximately 69%). Therefore, total urinary OPP equivalents (acid-labile conjugates+free OPP) can be used to estimate the systemically absorbed dose of OPP. 4. The rapid excretion of OPP and metabolites into the urine following dermal exposure indicates that OPP is unlikely to accumulate in humans upon repeated exposure. Based on these data, blood and/or urinary OPP concentration (acid-labile conjugates) could be utilized to quantify the amount of OPP absorbed by humans under actual use conditions.